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1. o FIRMWARE PACK I HARDWARE DESCRIPTION 

Firmware Pack I (FWP-I) is an alphanumeric and graphics 
driver software package for the CGS-808. FWP-I resides in a 2708 IK 
byte EPROM and has seven basic OP-Codes (See Figure 1). 


OP-Code 


Operation 


0 

1 

2 

3 

4 

5 

6 


Clear Screen 
Set Graphics Mode 
Plot Point 
Draw Line 

Alphanumeric/Semigraphic Driver 
Read Screen or Data Base Memory 
Write Screen or Data Base Memory 


Figure 1 - Firmware Pack I OP-Codes 


In addition to the seven OP-Codes, FWP-I takes care of 
transferring parameters between the S-100 bus and the on-board 8085. 
All data transferred to the CGS-808 is passed through two I/O ports 
on the S-100 bus. 

The format for each OP-Code is basically the same- 

output the OP-Code (0-6) to the port the dip switch (SW1) is set at; 
followed by outputting the necessary parameters to that same port 
address; then execute the OP-Code by issuing an output instruction to 
the dip switch address plus one. The status code is then tested to 
determine when the OP-Code is finished. The following example 
illustrates how the screen is cleared (See Figure 2). 
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62 m POUT 

E9U 

$ 

- 

6218 

IN 

SIFT 

* GET HARDWARE STATUS BITS 

822B 

RAR 


* GET STATUS BIT 8 

6238 

JC 

POUT 

* LOOP TIL READY 

@248 

WJ 

A, 8 

* GET DATA 

8256 

OUT 

CDflTfi 

* PASS DATA TO CGS-808 

82bW 

RET 


* 

10 REM 

P L rr 

AR bl 

-REEN EXAMLPE 

20 REM 

UR I 

“ITEM 

IN ’BASIC 


38 P=8 --.REM F-PORT ADDRESS 

48 OUT P,8 '-.REM CLEAR SCREEN OP-CODEx 8 

58 OUT P, 128 --.REM CLEAR AND INITIALIZE 

68 OUT P+1,8 --.REM EXECUTE OP-CODE 

78 S=I NP<P> '-.REM READ STATUS CODE 

86 IF 5=192 THEN 98 ELSE 78 --.REM TEST IF DONE 

96 STOP --.REM DONE 

Figure 2 - Clear Screen OP-Code 
1. 1 EPROM Configuration 

Firmware Pack I resides in a 2708 IK byte EPROM in 
socket U32. The first word address of U32 is location 0000. Jumpers 
W3 and W5 should be installed to connect the -5V and +12V supplies to 
U32 for the 2708 (Firmware Pack I). Another socket is provided for 
further expansion (U33). By changing the jumpers, both sockets (U32 
and U33) can be configured for either 2708 or single 5V supply 2716 
type EPROMs, allowing up to 4K bytes of ROM storage. Following are 
the four possible EPROM configurations (See Figure 3). 

Socket U32 

2708 Install jumpers W3 and W5* 

2716 Install jumpers W4 and W6 

Socket U33 

2708 Install jumpers W8 and W10 

2716 Install jumpers W7 and W9 

^Firmware Pack I 

Figure 3 - EPROM Configurations 
1.2 Status Code 


There are two types of status' for the CGS-808: 1) status 

code, and 2) status bits. The status code is data read from the I/O 
port which contains error information and status on the state of the 
software when executing the OP-Codes (See Figure 4). 
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Bit 0 NOT USED 

1 Invalid OP-Code 

2 Reset Required 

3 NOT USED 

4 NOT USED 

5 NOT USED 

6 Inputting Parameters (1 : Inputting Parameter) 

7 Busy/Done Executing OP-Code 

(1 = Done / 0 : B us y) 

Figure 4 - Status Code 

Bits 1 and 2 indicate that an error condition occurred. If bit I is set, 
an invalid OP-Code was sent and the OP-Code has been terminated. 

Bit 2 indicates a hard error has occurred. The board should be reset 
to re-initialize the system parameters. Bits 6 and 7 are used to 
determine the state of the OP-Code (See Figure 5). 

Bit 7 6 

0 0 - Busy Executing OP-Code 

0 1 - Inputting Parameters While Executing OP-Code 

1 0 - Not Allowed 

1 1 - Done Executing OP-Codes and Ready to Input 

Parameters 

Figure 5 - OP-Code Status 
1 • 3 I/O Ports and Handshaking Bits 

The CGS-808 uses two parallel input and output ports to 
transfer data to and from the S-100 bus. The following I/O ports are 
used for data transfer for the CGS-808 (See Figure 6). 

Output Port 0 - Data (OP-Code Parameters) 

Output Port 1 - Initialize (Execute OP-Code) 

Input Port 0 - Data or Status Code 

Input Port 1 - Handshaking Status (Bits 0 and 1) 

Figure 6-1/0 Ports Used for Data Transfer 

The dip switch (SW1) can set the I/O port addresses to any 
four port boundary. The address decoder will decode four port addresses, 
but only two are used. SW1 -Position 1 is address bit 2, or the least 
significant bit which is located toward the bottom of the board. SW1- 
Position 6 is address bit 7, or the most significant bit which is toward 
the top of the board. See Figure 7 for the possible port addresses. 
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SW1-1 = Bit A2 - LSB at Bottom of Board 
SW1-6 = Bit A7 - MSB at Top of Board 
Open = Off = 0; Closed = On =1 


SW1-6 

On 

On 

On 

Off 

Off 

SW1-5 

On 

On 

On 

On 

On 

SW1-4 

On 

On 

On 

On 

Off 

SW1-3 

On 

On 

On 

On 

On 

SW1-2 

On 

On 

Off 

On 

On 

SW1-1 

On 

Off 

Off 

On 

On 

Port 

00H 

04H 

06H 

80H 

AOH 


Figure 7 - SWT Address Compare Switch 

The status bits are two hardware handshaking bits used to determine 
the condition of the I/O ports. 

The handshaking status input port 1 has the following bit 
definitions (See Figure 8). 

Data Output from S-100 CPU 
Bit 0 1 : Busy (Data Not Taken) 

0 z Done (Ready for Next Byte) 

Data Input to S-100 CPU 
Bit 7 1 : No Data in Register 

0 i Data Ready 

Figure 8 - Status Input Port Handshaking Status Bits 
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2.0 


FIRMWARE PACK I SOFTWARE DESCRIPTION 


2. 1 Passing Parameters 

The heart of Firmware Pack I is the software that takes 
the parameters from the S-100 bus and passes them to the OP-Code 
subroutines (Refer to Appendix A). When the CGS-808 is powered on, 
the software will set the mode to the high density, clear the screen 
and initialize the system parameters. The program then enters the 
idle loop (lines 1950-2100) which continuously scans the S-100 I/O 
ports for OP-Code numbers and parameters. Once the necessary 
parameters have been sent to the CGS-808, the host processor must 
output to the port address plus one to execute the OP-Code (lines 
1680-1840). This generates an interrupt causing the program to call 
the DRVR subroutine. The DRVR subroutine (lines 2390-2850) 
calculates the OP-Code address and jumps to the OP-Code. When the 
OP-Code is finished the program goes back to the idle loop (See 
Figure 9). 

2. 2 Memory Map 


The CGS-808 has IK bytes of RAM storage for parameter 
or data bases. The beginning of the IK RAM is located at 4000H. 
Firmware Pack I uses the first 256 bytes of this RAM for parameter 
storage. This block is divided up into several sections: 

PBUFF 4000H-402FH - This is used for system 
parameters, constants for the OP-Code, and 
temporary storage for some variables the OP-Codes 
use. 

PRAM 4030H-40CFH - This area is used for storing 
parameters entered into the CGS-808 from the S-100 
bus. Location 4030H is the OP-Code number, 4031 
is the first parameter, 4032 the second parameter, etc. 

STACK 40FFH-40CFH - This is the top of the stack 
(30 bytes). 

DBASE 4100H-43FFH - This is a data base area of 
768 bytes. This is not used in FWP-1, but is used in 
FWP-2 for storing custom character sets. 

2. 3 OP-Code Descriptions 

OP-Code Description 

Clear Screen - The clear screen subroutine will clear 


0 




Figure 9 - Firmware Pack I Flowchart 
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OP-Code 


Description 




O' 


all 6, 144 bytes of the screen refresh memory to any 
color. The clear screen can also fill the half word 
memory when in the alphanumerics mode. If bit 7 is 
set, certain system parameters will be initialized. 

The clear screen uses one parameter-Z. 

Parameter Bit Definition: 

7 6 5 4 3 2 1 0 

INT X X CSS MD1 MD2 CZO CZ1 

CZO and CZ1 determine the intensity or background color 
the screen will be cleared to. 

Two Color Mode (CZ1 = Don't Care) 


CZO 

CSS = 0 

CSS = 1 


0 

Black 

Black 


1 

Green 

Buff 


Four 

Color Mode 



CZ1 

CZO 

CSS = 0 

CSS = 1 

0 

0 

Green 

Buff 

0 

1 

Yellow 

Cyan 

1 

0 

Blue 

Magenta 

1 

1 

Red 

Orange 


MDO and MD1 determine the mo de th e half-word memory 
will be set to and correspond to INT /EXT and A/S of the 
MC6847 VDG. These bits are valid only when the mode 
has been previously set to alphanumerics. 

MD1 MDO Mode 

0 0 Alphanumeric s 

0 1 NOT USED 

1 0 Semigraphics-4 

1 1 Semigraphics-6 

CSS is used when in the alphanumeric/semigraphics mode 
to determine the character color or color set for 
semigraphics-6. See Table 3 of Appendix C for a detailed 
description. 

INT, if set, will initialize the system parameters. When 
the board is powered-up, the system parameters will be 
initialized and the screen refresh memory is cleared. 
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Description 


Figure 10 shows exactly which parameters are initialized 
when bit 7 (INT) is set. 
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* RETURN 


Figure 10 - Initialization 

Set Mode - The set mode subroutine will set the graphics 
mode register (U39). The set mode subroutine also 
determines boundary conditions for the plot point and 
draw line subroutine and should be executed prior to 
using these subroutines. The set mode uses one para¬ 
meter -GM. 

Parameter Bit Definition: 

7 6 5 4 3 2 1 0 

0 0 EXT CSS A/G GM2 GM1 GMO 

GMO, GM1 and GM2 control the graphics mode when A/G 
is high. See Table 3 of Appendix C for a detailed 
description. 

A/G, when high, will enable the full graphics mode; when 
low will select the alphanumeric/semigraphics mode. 

CSS, when in the full graphics mode (A/G) high), will 
select the color set. When in the alphanumerics mode, 
this signal is not used. 




OP-Code 


Description 






CSS = 0 
Green 
Yellow 
Blue 
Red 

EXT, when high, will actuate the external video signal 
(used with the RBY Adapter board). 

Bits 6 and 7 should always be zero. 


CSS = 1 

Buff 

Cyan 

Magenta 

Orange 


Plot Point - The mode must be set prior to execution of 
the plot point OP-Code. The origin (X = 0, Y = 0) is at the 
lower left hand corner. The X, Y coordinates are positive 
values in the first quadrant. The plot point subroutine 
uses three parameters --- X, Y and Z. 


Parameter Definitions: 

X X Coordinate 

Y Y Coordinate 

Z Color or intensity (depending on the mode) 


Two 

Color 

Mode 




Bit 0 CSS = 0 

CSS I 1 


Z = 

0 

Black 

Black 



1 

Green 

Buff 


Four 

Color 

Mode 




Bit 

1 Bit 0 

CSS ; 0 

CSS = 1 

Z = 

0 

0 

Green 

Buff 


0 

1 

Yellow 

Cyan 


1 

0 

Blue 

Magenta 


1 

1 

Red 

Orange 


Draw Line - There are no restrictions for the direction the 
lines may be drawn. The draw line subroutine uses five 
parameters -Xg, Yg, X E , Y E , and Z. 

Xg Starting X Coordinate 

Yg Starting Y Coordinate 

X E Ending X Coordinate 

Y E Ending Y Coordinate 

Z Color Intensity (Same as Plot Point Z) 
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OP-Code 


Description 


4 Alphanumeric/Semigraphic - The alphanumeric/semigraphics 

subroutine can display both alphanumerics and semigraphics 
data on a character by character basis. Carriage returns 
and back spaces are recognized in the alphanumeric mode. 
Full cursor control is provided by specifying the character 

position and line position. Four parameters are used- 

data, character mode, character position and line position. 

Parameter Definition: 

1. Data - Depending on the mode, there are three possible 
formats: 

Alphanume r ic s 

7 6 5 4 3 2 1 0 

Inv X I---ASCII —----1 

Video 

Semigraphics-4 

76543210 
X C2 Cl CO L3 L2 LI L0 

Semigraphic s-6 

7 6 5 4 3 2 1 0 

Cl CO L5 L4 L3 L2 > LI L0 

C2 is the CSS bit in the character mode parameter and is used 
to obtain eight colors in semigraphics-6. Refer to Table 3 
in Appendix C. 

2. Character Mode - The character mode programs the 
half word data on a character by character basis. 

Bit Definition: 

7 6 5 4 3 2 1 0 

X X X X CSS MD1 MDO X 
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OP-Code 


Description 


( ^ - - 

MDO MB1 Mode 

0 0 Alphanumeric s 

0 1 NOT USED 

1 0 Semigraphics-4 

1 1 Semigraphics-6 

The color select signal (CSS) determines the character 
color, or is C2 in the semigraphics-6 mode. 

3. Character Position - Defines the position the cursor 
will be from the left hand margin (ranges from 0 to 31) 

4. Line Position - Defines the line the cursor will be on 
(ranges from 0-15). When the CGS-808 is powered 
on or initialized, the cursor will be initialized to the 
upper left hand corner of the screen (i. e. character 
position equals zero, line position equals zero). 

Read Screen - The read screen subroutine can transfer 
any part of the CGS-808 memory to the host computer. 

One (1) to 255 bytes may be transferred at a time. The 
read screen subroutine uses four parameters. 

Parameter Bit Definition: 

1. Lower eight bits of memory address - 

7 6 5 4 3 2 1 0 

A7 A6 A5 A 4 A3 A2 A1 AO 

2. Upper five bits of memory address - 

7 6 5 4 3 2 1 0 

0 1 1 A12 All A10 A 9 A8 



Bits 7, 6 and 5 are set up to read the screen refresh 
me mory. 



Mode - Bits 6 and 7 are used to enable either the half 
word or full word memory. Bits 6 and 7 should never 
be enabled at the same time. 80H will enable the full 
word; 40H will enable the half word. 
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OP-Code Description 

7 6 5 4 3 2 1 0 

FW . HW X X X X X X 

4. Number of bytes transferred (N) - The number of bytes 
transferred can range from 1 to 255. The bytes are 
then inputted to the host CPU, from 1 to N, by inputting 
port 0. 

6 Write Screen - The write screen subroutine will transfer, 

from ihe host system, any part of the CGS-808 memory. 

One (1) to 255 bytes may be transferred at a time. The 
write screen subroutine uses four parameters. The four 
parameters are the same as the parameters used in the 
read screen OP-Code (OP-Code 5). The bytes are 
outputted, from 1 to N, to port 0. 

Refer to Appendix B for a summary of the OP-Codes in Firmware Pack I. 

2. 4 8085 Interrupt Handling 

There are three interrupts the 8085 uses on the CGS-808: 
RST 7.5, 6.5 and 5.5. Firmware Pack I uses only RST 7.5, and masks 
out RST 6. 5 and RST 5. 5. RST 7. 5 is used to exit the idle loop. The 
idle loop constantly scans the S-100 I/O ports for new OP-Codes or 
more parameters. When the user outputs any data to the port address 
plus one, an RST 7.5 interrupt is generated causing the program to 
jump to location 3CH. 

To use the expansion port, RST 6.5 and RST 5.5 must be 
enabled by a SIM instruction (30H), with the mask bits loaded in the 
accumulator (18H) prior to executing the SIM instruction. When data 
has been taken from the expansion output port (U10), the hardware 
generates a RST 5. 5 causing the processor to vector to location 
2003H. When data has been clocked into the input expansion port (U9) 
the processor will vector to location 2006H. After either interrupt 
is serviced, the interrupt response flip-flops (U21) must be cleared by 
an output instruction to port 03. ' ~ 
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3.0 


USER DEFINABLE OP-CODES 


3. 1 Writing Your Own OP-Code 

User definable OP-Codes can easily be added by using 
the second EPROM socket (U33) at location 2000H. 

Any OP-Code which is greater than six but less than 
thirty will cause the DRVR subroutine (lines 2390-2850 of Appendix 
A) to search for the OP-Code addresses in a jump table at 200AH 
instead of at line 2750. The addresses in the jump table are Intel 
byte-swapped; for example, the beginning address for OP-Code 7 
would be located at 200AH (high address byte) and 200BH (low 
address byte). The address for OP-Code 8 would follow. 

When the DRVR subroutine jumps to the OP-Code, the 
accumulator contains the number of parameters, and the D,E 
registers contain the first address of the parameters buffer. An 
LDAX D instruction will load the accumulator with the first parameter. 
An INX D, LDAX D instruction will load the next parameter, etc. To 
exit the OP-Code, a JMP CRTX (location 00B2H) must be the last 
instruction of the OP-Code. 

The following is an example of an OP-Code routine (See 

Figure 11). 
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* SflUE BPL 

* RETORH 


89D6 32 01 48 

3188 

STfi 
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80OC 
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63 
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16 
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16 
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63 

O0E1 28 
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DB 

32 
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DB 

95 

88E3 18 
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DB 

i £ 

iD 
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3248 

DB 

35 
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DB 

32 

08E6 BF 
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DB 
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3278 

DB 

4 

iQ 

88E3 Ef 

T-Vifi 

DB 

* JX. 

08E9 28 

3236 

DB 

v>2 

•jiiEr Br 

3386 

DB 

191 


3318 

DB 

32 


Figure 11 - Change Mode Routine 


3. 2 Calling Another OP-Code 

In some cases, it may be necessary to have an OP-Code 
call smother OP-Code. The best way to accomplish this is to first 
fill the beginning of parameter storage plus one (PRAM plus one 
or location 4031H) with the parameters to be passed to the OP-Code, 
After all the parameters have been entered (PRAM plus one, PRAM 
plus two, etc.), initialize the H, L register pair to PRAM plus one 
(LXI H, 4031H), load the accumulator with the OP-Code number and 
CALL DRVR (Location 0084H). This procedure is similar to lines 
1020-1120 of Appendix A. The following is an example of how the 
screen is cleared calling an OP-Code (See Figure 12). 
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STORAGE 

;“*-4 

98 MUX 

A, 01 

* OP-CODE 1 • 


£”i t 

89 MUI 

M, SFH 

* HIGH DENSITV MODE 


10 l 

18 CALL 

DRUR 

* EXECUTE OP-CODE 


0 1 

00 l : \RH 

$ 

* OP-CODE © 



30 MUI 

M, 80H 

* H,L STILL POINT TO 

PRAM+1 
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CfiLL DRvfR * CLEAR AND .INITIALIZE 

•JMP CRTK * RETURN TO IDLP 

Figure 12 - Clear Screen 
Helpful Hints 

1. When the DRVR subroutine (lines 2390-2850) jumps 

to the OP-Code, the accumulator contains the number 
of parameters which can be used by the OP-Code to 
to fetch from the parameter storage (PRAM plus one) 
the correct number of parameters. 

2. It is not always necessary to specify all the parameters 
to the OP-Code. Once the parameter has been entered 
into PRAM plus one, they remain there until changed. 

For example, after once specifying X, Y and Z for the 
plot point OP-Code, only X and Y are needed the next 
time if Z does not change (See Figure 13). 

Output OP-Code 
Output X 
Output Y 
Output Z 
Output Initiate 
Next - 

Output OP-Code 
Output X 
Output Initiate 

Figure 13 - OP-Code Parameters 

3. The clear screen is capable of initializing certain 
parameters when bit 7 is set in the clear screen 
parameter. The initialize routine will put zeros 
at location 401FH (FLAG 1) and 4020H (FLAG 2). 

These can be used by the user to have parameters 
cleared during power-up or clear and initialize 
OP-Code. 

4. The set mode routine does more than just set the 
mode. It also calculates the number of lines and bytes 
per line for the plot point or draw line subroutine. 

Any user OP-Codes which use the plot point or draw 

line should first set the mode using the set mode OP-Code, 
and not by just setting to the mode register (U39). 

5. DBASE (location 4100H) is the beginning of the data 
base which is 768 bytes long. This area is free to 





the user. Firmware Pack II uses this area for 
character storage. 

The expansion ports both jump to the second EPROM 
socket (U33). The input expansion port will jump to 
location 2006H. The output expansion port will jump 
to 2003H. 


4.0 


TESTING 


The CGS-808 is a sophisticated board. A diagnostic 
program is provided to test the CGS-808. The program will test all 
of the screen refresh memory and the I/O ports, plus most of the 
Firmware Pack I software. 

4. 1 Visual Inspection 


The first step that should be taken after all the components 
are stuffed on the PC board, is to give the board a thorough visual 
inspection. The board should be cleaned by using a stiff brush to 
remove small conductive particles. Next, examine the board for 
solder bridges, components not correctly oriented, anything that 
looks incorrect. On the component side, examine each IC for 
pins that are turned under. They are not easy to spot, but bent 
pins can cause considerable loss of time, money and energy. Look 
at each pin very closely. On the solder side, look for joints which 
are not shiny (cold solder joints). If you find any, re-solder them. 

4. 2 Getting a Good Display 

To interface the CGS-808 to a commercial color T. V. , a 
modulator is required if the T. V. does not allow for a direct video 
input. 

When you apply power, the screen should be cleared and 
set at the highest density graphics mode in green. If the display 
is random graphics, then reset the board (with the reset jumper 
installed). The display should then be cleared. If the display is 
not in color, there are two possibilities: 1) The T. V. is not tuned 
in properly, 2) The trimmer capacitor (C4) is not adjusted properly. 
The board needs no further adjustments. Adjusting the tint, 
brightness and contrast on your T. V. will produce a brilliant color 
display. 

The following diagnostic programs will test the screen 
refresh memory and aid in the adjustment of the color. Two programs 
are provided: 1) memory test program, 2) color bar generator pro¬ 
gram which will display the eight colors the board is capable of 
producing. The memory test program is written in 8080 assembly 
language, while the color bar generator is written in BASIC. The 
colors generated are: green, yellow, blue, red, buff, cyan, magenta 
and orange. The additional demo programs provided will help in 
understanding the OP-Code formats. 
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Demo Programs 


4. 3 


4. 3. 1 BASIC Demo Program 

The following program is written entirely in BASIC. 
It will help in understanding the OP-Code formats. The only 
requirements of the BASIC is that it must be able to INPUT or 
OUTPUT to I/O ports. 


The program will ask for an OP-Code, then print the 
status code. The program will then enter a loop of inputting para¬ 
meters. To get out of this loop (all necessary parameters have 
been entered), just hit return and the OP-Code will be executed. 
This program does not test any of the handshaking bits (See Figure 
14). 


10 REM DEMO .PROGRAM TO HELP IN UMDERSTAMDIMG 
20 REM OP-CODE FORAMTS. 

30 M= 128 "•.REM ADDRESS SWITCH SETTING 

40 INPUT n OP-CODE: ",C 

58 Z-INP<M> VREM INPUT STATUS 

68 PRINT n STATUS- ”,Z 

70 OUT M,C VREM OUTPUT OP-CODE 

88 REM INPUT PARAMETERS 


98 REM TO 

EXECUTE 

THE 

OP-CODE 

100 

INPUT 

"PRRfiMETER: 

", F t- 

1 10 

IF F$-- 

= ""THEN 

170 


120 

F-URL 




138 

OUT M 

,p 



1 *4U 

”7^. t t 

•:n> 



158 

PRINT 

"STATUS 

= >’ , 


168 

GOTO 

100 



178 

OUT M+1,0 



']. oU 

2—INF* 




1 90 

PRINT 

"STATUS 

— - •• . 

7* 

LU8 

GU 1 U ■ 

40 





Figure 14 - Understanding OP-Code Formats 


4.3.2 Assembly Language Demo 

The following assembly language subroutine can be used to 
interface the CCS-808 to a BASIC program or another assembly 
language program. The OP-Code and parameters are passed to the 
subroutine by a parameter table (PTBL). Once the parameters are 
entered into the table, the subroutine can be called. The subroutine 
will input the parameters and execute the OP-Code, then return to the 
main program (See Figure 15). The assembly language program must 
be loaded into memory prior to running the BASIC program (See 
Figure 16). 
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6606 



0618 * 




6006 



6826 * COPr’RIQHT BIOTECH ELECTRONICS 1979 

8658 



8838 * ALL RIGHTS 

RESERVED 


8636 



6846 * 




8808 ‘ 



0656 * PROGRAMMER: 

: RICK STELLMflCHER 

86S6 



8668 * SOURCE FILE: ADENO 


6866 



8878 * UERS: 

ION: 3.0 


6808 



80c® * 




6806 



8696 * flDEMO- CGS-888 flSSEMBL' 

7 LfiNGURE DRIER 

8888 



818Q * 




8888 



8110 * AFTER FILLING THE PARAMETER TflElE THEN 

8008 



6128 * CALL flDEMO TO EXECUTE 

fW7A -i. 

THE UP~UJDE» 

6806 



0X00 

814u * 




8000 

*v,Ar. 



8158 * EQUfi 

TES 



8866 



tUOU + 

8176 IOATfl 

EQU 

£C4i 

* INPUT PORT DfiTfi 

r«*w; 



8188 QDfiTfi 

ECU 

88H 

* OUTPUT PORT DfiTfi 

6888 



8198 STPT 

EQU 

S1H 

* STATUS BITS- 8..? 

0666 

fji-ir**"* 



8280 INIT 

EQU 

81H 

* INITIATE PORT 

®t.i 



►:u'.iv f- 

8228 * 




8806 



8236 fiDEHO 

ECU 

% 

* 

8906 21 

TA* 

00 

88 


LXI 

H..PTBL 

* PARAMETER TABLE 

8883 DB 

88 


8258 

IN 

IDflTfi 

* GET STATUS 

0035 77 



8208 

MDU - 

tl.fi 

* SAME STATUS 

8886- FE 

C8 


8278 

CPI 

192 

* ERROR? 

gs^r-jo f-/ 


88 

fwvr# 

JSC 

ERR 

* 

886€‘ 23 



8298 

INX 

H 

* BUMP POINTER 

888C 46 



8386 

\w 

BiM 

* ET OP-CODE 

880D CO 

•*v« 

jLT 

88 

8318 

CfiLL 

POUT 

* SB® OP-CODE TO CGS-868 

8818 23 



8326 

INX 

H 

* NEXT PARAMETER 

sen % 



0000- 

MOU 

D..H 

* GET NO. OF PARAMETERS 

8812 23 



8348 F1P 

INX 

H 

* NEXT PARAMETER 

n-n\ v •*/ 
etfi--* *tc« 



00*58 

HOU 

B,M 

* ET PARAMETER 

8614 CD 

24 

86 

0363 

CALL 

POUT 

* 

3817 15 



0o/8 

DCS: 

D 

* COUNT DOWN PARAMETERS 

66: b f'? 

i "I 

ii 

88 

0388 

JSC 

PLP 

* NOT DONE? 

66’P pr 

28 


6390 

nn 

fi,28H 

* DELfiV FE MORE THUS 166US 

r. TT-. 
bv i -v 



8480 LOOP 

OCR 

ft 

* 

801E C2 

1 A 

il- 

88 

8418 

JSC 

LOOP 

* 

r.-n--. •: at 

ni 

Oi 


8426 

cur 

INIT 

* EXECUTE OP-CODE 

8fi?\ 



0*too lKf, 

RET 


* 

8824 



8448 * 




66 



0458 * THIS 

ROUT II 

€ SB C) DfiTfi 

TO THE CGS-888 

66‘?^ 



8468 * 




66'"' 4 



8478 POUT 

ECU 

$ 

* 

fwv,.< r-.r- 

bo 

01 


8488 

IN 

STPT 

* ET HANDSHAKING BITS 

8826 IF 



8496 

RfiF: 


* BIT 8 

8827 ,Dft 


140 

8586 

JC 

POUT 

* IS REG EMPTV? 

08 2 n f* b* 



8510 

MW 

fi>B 

* YES 

862B D3 

86 


8526 

OUT 

ODfilH 

* OUTPUT PARAMETER 

602D C9 



95*38 

R£T 



6b2L 



tS.46 $ 
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r,n~ <r 
L'V l.L. 

Ph'T 



8558 

* THIS ROUTINE GET DATA FROM 

THE CGS-808 

» i i 

/vv-x- 



8578 

PIN Eli! 

% * 


A rfjr 

DG 

0 1 

8586 

IN 

STF'T * 

LET HfWDSHfiKING BI 

rjr. t“j 
irj 

■f “7 

ii 


6598 

pa 

if 

BIT 7 

RftT.f 

DR 

2E 86 

0608 

JC 

PIN * 

1 3 KEu FLU.':' 

00:4 

DB 

88 

t ,i 

two 

IH 

IDATR * 

VES, GET DATA 

8?3£ 

A “7 
-1 


0620 

MOM 

E> .> H *f 

RET DATA IH B REG 


r-q 


0638 

RET 

if 


i*C 



8658 

n/ c i~ 

* THIS 15 1 

"HE START OF THE PfiRfiHETER TABLE 

^.rr 



8678 

ri-rry rnr i 

r tDL. L«u 

% 



‘"jp-i 


@688 

r-Xt 

l-*D 

86 if STATUS 

fSjT.T. 

gf: 


Bori 

DB 

00 if 

GP-CQDE 

»v r .~ - 

VL- 


8788 

rx. 

L-'D 

00 * 

HO. tf PARAMETERS 

8C3c 



8718 

* THE REST 

IS RESERUEB PDF: F'f 

ffiNETERS I THRU H 

frv%C 



8728* 

:f 




-I. iMrx>i t r«ni : 


fiDEuC 30C0 

ERR 


I DATA 


IHIT 

0661 

LOOP 

@810 



r.r.q-rr. 

r.Ti i 

F i;‘1 

0C2E 

PIP 

mil 

Fan 

8824 

PTE1 

8&oo 
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0000 21 


00 DB 

Q0 

s' r" 

FE ce 

C2 

23 00 23 

46 CD 24 

88 

[, !. *| ^ 


23 46 

CD 


801 15 

C2 

12 08 3E 

28 3D C2 

ID 

0020 00 

D3 

31. C9 

DB 

81 

IF DA 

24 

80 7 

8 D3 

oU L-3 DB 

81 

0030 l7 

DR 

2E 00 

DB 

80 

*47 U9 







Figure 15 - Demo CGS-808 Assembly 
Language Driver 


..r./oh 


. PROGRAM TO INPUT PARAMETERS 

THE ASSEMBLY LANGUAGE PROGRAM MUST BE 
ENTERED BEFORE RUNNING THIS PROGRAM. 

8 REM PORT ©0—HEX 
s REM STATUS BYTE IN PARAMETER TABLE 
: lM < A ) 


70 IF 2*192 THEN 13© 

80 ! "ERRORS " Z 

98 REM CLEAR AND INITIALIZE CGS-808 

103 OUT M.. 0 

110 OUT M,128 

120 OUT M+1,8 

133 INPUT "OP-CODE* ", C 

14U FILL A+l.. C 

ISO INPUT "NO. OF PARAMETERS* ",N 

168 FILL A+2,N 

176 FOR 1=1 TO N 

183 INPUT "PARAMETER* ",P 
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190 FILL A+2+I,P 
280 NEXT I 

210 REM PARAMETER TABLE FILLED 
228 S=CALL<0> 

238 GOTO 58 

Figure l6 - BASIC Demo 

4. 3. 3 Color Bar Generator 

The following BASIC program will display the eight 
colors the CGS-808 is capable of generating. The colors generated 
are: green, yellow, blue, red, buff, cyan, magenta and orange 
(See Figure it). 


18 REM COLOR BAR GENERATOR . 

28 P=128 REM PORT ADDRESS 

38 D=6 REM HALF WORD DATA 

48 M=64 ••••• REM M0DE=64 

58 SI =8 S2=96 ••••• REM SCREEN ADDRESS 

6© GOSUB I860 

78 51 * 128 

00 GOSUB 1000 

90 SI =8 S2=97 

1O0 D=14 

118 GOSUB 1008 

128 SI=123 

138 GOSUB 1880 

140 D=63 REM FULL WORD DATA 

158 M= 123 REM M0DE=128 

168 S1=0 --.52=96 REM SCREEN ADDRESS 

17© GOSUB 1880 

188 51=128 

190 GOSUB 1000 

208 51=0'-S2=97 

210 D=63 

22© GOSUB 1000 

230 SI=128 

240 GOSUB 1000 

250 STOP 

1808 REM WRITE SCREEN OP-CODE 6 

1018 OUT P,6 

102© OUT P,S1 

1036 OUT P,S2 

1848 OUT P,M 

105© OUT P, 128 

i860, uUT P+1 .• 8 

1076 J=8 

1088 FOR 1=0 TO 63 
1890 OUT P, D 
1188 J=.J+1 
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1118 NEXT I , 

1 .i. .».*:!y D-D+b4 

1138 IF J=12S THEN RETURN ELSE 1088 


4. 3. 4 


Figure 17 - Color Bar Generator 
Memory Test (See Figure 18) 
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L 

20 

FILL 

258,8 - 

r-.r-iyi 

*• pr. i::l * i 

ERROR 

1 
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FILL 
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REM 

ERROR 
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C=CAL 
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RE 

M CALL 

1 

SO 

P=P+1 

% r~tr~K4 

•• Kc;.n 

PASS 

NUMBER 

•i 

66 

E—EXAM < 259 > 



j. 

“l 11 <7f 
i 

A1 =EX 

AM<2561 



■i 

88 

R2=EX 

AM<2571 



■i 

.i. 

98 

D=EXAM< 258 > 



!•;! 

88 

R-R24: 

256+A1 



1! 

'! 8 

PR I K\J 




.2 

28 

PRINT 

"PASS 

NUMBER ",P, 


“Tr"j 

■S' i;./- 

PRINT 

"TOTAL 

NUMBER OF 


40 

PRINT 

"LAST 

ERROR 

ADDRE 

.4 


PRINT 

"LAST 

ERROR 

DATA 


1..' 8 

GOTO 

148 




BE LOADED INTO MEMORY 


BY CHANGING 
0=HFlLT, 1 =CONT I HUE 
HALT FLAG 

SCREEN ADDR 
SCREEN ADDR 


MEMORY TEST 


?ORS= ".. E 
IN DECIMAL= 
DECIMAL= ",D 


. A 



0010 * 


6088 

8826 * COPYRIGHT BIOTECH ELECTRONICS 

6008 

8836 * ALL RIGHT RESERVED 



8848 * 


886® 

8858 * PROGRAMMER: RICK STELLMACHER 

0808 

8868 * SOURCE FILE: HTEST 


8808 

8878 * VERSION: 2.8 


6080 

8888 * 



0898 * HTEST- MEMORY TEST DIAGNOSTICS 

0888 

8188 * FOR THE CGS-888 


8060 , 

8118 * 



8128 * SYSTEM EQUATES 


8888 

8138 PORT EOU 128 

* PORT f€DRESS 

8888 

8148 SRMEN EOU 6888H 

* SCREEN ADDRESS 

8886 

8158 EC ESU 108H 

* ERROR DDES. 

8888 

0168 ERRfi EOU EC 

* LAST ERROR ADDRESS 


4-6 







0000 

81© ERRD 

EQU' 

EC+2 

* LAST ERROR DATA 

0000 

8188 ERRC 

EQU 

EC+3 

* ERROR COUNT 

8600 

81© HLTF 

EQU 

EC+4 

* HALT FLAG 

8900 

82© CSA 

EQU 

EC+5 

* 2 B’r'TES FOR SCREEN ADOR . 

8000 

©18 * 




3803 

8228 * 




fvanrt 

wvb 

©38 * MTEST- USES OP-CODE 5 

AND 6 TO READ AID WRITE 

8888 

©48 * 

TO THE SCREEN ADDRESS MEMORY. 256 BYTES 

8800 

8258 * 

ARE TRANSFEREE PER REHD4MTE SCREEN. 

8838 

8268 * 

THERE ARE 24 OPERATION PER SCREEN 

8888 

©78 * 

AID 

256 PASSES. 


8338 

82© * 




8838 

82© * 




8308* 

83© * INI7 

P 

i—• 

M 



firwyi 

8318 * 




8000 

8328 MUST 

EQU 

$ 


0088 21 88 68 

8338 

LXI 

K..SRMEM 

* SCREEN MEMORY ADDRESS 

©83 22 85 81 

8348 

SHLD 

CSA 

* SAME SCREEN ADDRESS MEMORY 

8806 IE 1? 

8358 

MW 

E,23 

* 

8830 0E FF 

8368 

MW 

C,255 

* 

0©fi 

8378 * 




8800 

83© * FILL SCREEN 


000ft 

83© * 




880A a- 52 © 

8480 NEXT 

CALL 

UPSON 

* FILL 256 B’r’TES © SCREEN 

388D 16 FF 

8410 

MW 

D..255 

* BYTE COUNTER 

888F 23 

8420 LOOP! 

m 

H 

* THIS PART CALCUATES A DATA PATTERN 

8818 7D 

8438 

mu 

A..L 

* TO BE PUT ON THE SCREEN 

©11 84 

8448 

ADC' 

H 

* ACC= H+L 

8812 81 

84© 

ADC' 

C 

* ACC=H+L+DATA PATTERN 

©13 47 

8468 

MOV 

B,A 

* PUT IN B BEFORE CALLING POUT 

©14 © 76 m 

8478 

CALL 

POUT 

* PUT ON SCREEN 

©17 13 

84© 

DCS 

D 

* 0I€ LESS BYTE 

©18 C2 8F © 

84© 

JNZ 

LOOP! 

* TRANSFER MORE B'r'TES 

mm 

85© * 




©IB 

8518 * VERIFY SCREEN 


©IB 

85© * 




©IB 2P 85 01 

8538 

LHLD 

CSA 

* 

©IE CO 6D 80 

3548 

CALL 

RDSCN 

* READ SCREEN 

8821 CD © 08 

8558 

CALL 

PIN 

* 

8824 16 FF 

85© 

MW 

D.-255 

* BYTE COUNTER 

8826- 23 

8578 L00P2 

INK 

H 

* 

8027 CD 80 88 

85© 

CALL 

PIN 

* 

882P 94 

85© 

SUB 

H 

* PHIS PART CALCULATES WHAT TO 

882B 91 

86© 

SUB 

C 

* ORIGINAL DATA SHOULD BE. 

882C BD 

©10 

CMP 

L 

* SAME DATA? 

Q02D C4 89 90 

8620 

CNZ 

MERR 

* NO 

8838 15 

©38 

DCR 

D 

* 

©31 C2 26 00 

8648 

JNZ 

L00P2 

* YES 

©34 

©58 * 




©34 

86© * UPDATE POINTERS 


8834 

©78 * 




©34 24 

96© 

INR 

H 

* ADD 256 TO H AND L 

8835 2E © 

©© 

MW 

L,08H 

* 

©37 22 © 81 

87© 

SH_D 

CSA 

* SANE CURRENT SCREEN ADDRESS 
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803ft 

nr-t 

f D 


8718 

MOV - 

fi,E 

* 

08335 

rr 

m 

0728 

CPI 

88 

* DOtC? 

883D 

CO 
-.4 : 

45 00 

6738 

J2 

CHPRT 

* JUMP IF DONE TO CHANGE PATTERN 

nr*Aq> 

~T*i 

-_*v 


8748 

DCR 

n 

n 

* 

nr** * 

r -'".‘*T i 

rr- 

jr 


8758 

MW 

E..fi 

$ 

6042 

r-*y 

gfj 00. 

8768 

JHP 

NEXT 

* 

3845 



0778 

CHEAT EDU 

i 


01145 

CO 


875© 

[CD 

c 

* DATA PATTERN-1 

3846 

IE 

1? 

8798 

MUI 

E,23 

* 

8‘04y 

•“ft 

Li 

00 bC> 

8888 

Du 

H.SEMEN 

* TOP OF SCREEN 

8848 

22 

85 81 

3818 

SHLD 

CSR 

* SHOE CURRENT SCREEN ADDRESS 

<vjrfr 

r-o* 

8fi 38 

882© 

nn 

•.MIL 

ICC 

* COMPLETELY DOtC? 

mi 

f'C: 


8&S0 

RET 


* 256 PASSES COMPLETE 




8848 

* 
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8858 

♦ WRiTt SCREEN SUERGUfiNt 


8852 



8868 
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m2 
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■i 


8852 

36 

86 
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MW 
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* OP-CODE 6 WRITE SCREEN 

3854 

CD 
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8898 

r-ra i 
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* 
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45 


0900 
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B.'L 

♦■■LOW SCREEN ADDRESS 

^nrr: 

CD 

T.** iVi 

t 0 btl 

8918 

CALL 

POUT 


COCO 

44 


8928 

MOD 

B..B 

* HIGH SCREEN ADDRESS 

C05C 

CD 

.76 00 

8938 

CRLL 

FUST 

* 

885F 

86 

SF 

0948 

MW 

B,8FH 

* HIGH DENSITY MODE 

8861 

CD 

76 00 
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CALL 
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* 
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86 

FF 

8968 

MW 
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* HUMBER OF BYTES 
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L-L- 
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* 
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F*r©rr ESU 

$ 


8875 

D8 

01 

«-U 

1128 

IN 

FORTH 

* GET STATUS 

ivnri 

ir 


1138 

EAR 


* BIT STATUS 

MV! j‘ 

r-.n 

i/T 

76 88 

1148 

JC 

POUT 

* 

nnyr- 

*7V“t 
t o 


1158 

mgu 

fi.-E 

:4: 

.yi’j’pr. 

r-.T 

*JO 

nn 

»x> 

Si 68 

OUT 

PORT 

* PflSS' PflRflHETER 

%£f?r 

r>C« 


1178 

R£T 



■4^00 



-1180 

* 






1198 

1 "■‘•Oft 

* INPUT DfiTft SUBROUTINE 


$l‘OL : 

68c‘6 



liivb 

1218 

PIN EflU 

$ 



DB 

bl 

1228 

IN' 

PORT+1 

* INPUT STATUS 

8832 

i "7 



ERL 


* BIT 7 

r*VWVT 

Bi ^ 

00 00 

1248 

7r* 

JL- 

rm» 

TiH 

A: 


4-8 







~~20v i_’~* Qfj| 



1258 

IN ' 

PORT 

* GET BVTE 

8333 C3 



1260 

RET 


* 

8989 



1278 * 




3889 



1288 * LOG ERROR ROUTINE 


8389 



1290 * 




8389 



1388 !€PR 

: EQU 

$ 


0039 22 80 81 



1318 

SUD 

ERRR 

* SHE LRST ERROR ADDRESS 

0Q3C 32 82 81 



lOiO 

STR 

ERRD 

+ SBUE LRST ERROR DftTfl 

838F 3fi 83 81 



1338 

LDR 

ERRC 

* GET ERROR COUNT 

8092 3C 



1348 ■ 

INR 

R 

:4c 

8893 32 83 81 



1358 

STR 

ERRC 

* SHUE ERROR COUNT 

88% 3fl 84 81 



1368 

LDR 

HLTF 

* GET HRLT PlRG 

8^99 p? 



1378 

flNR 

fi 

* TEST IF SET 

089fi CO 



1338 

RNZ 


* DOMT STOP 

8898 76 



1398 

HLT 


* STOP 

099C 



1490 * 




089i; 



1418 * EXECUTE OP-CODE SUBROUTINE 

889C 



1428 * 




889C 



1438 IMIT 

' ECU 

% 


809C DB SI 



1440 

IN 

PORT+1 

* GET STATUS 

989E IF 



1458 

RRR 


* TEST BIT 8 

809F DB % 88 



1468 

JC 

IHIT 

4 

8882 D3 81 



1478 

OUT 

PORT+1 

* INITIATE OP-CODE 

8884 C9 



1438 

RET 


* RETURN 

83R5 



1498 * 




SYMBOL T9BL£ 







CrF’rfT 8845 

CSR 

6185 

EC 

8188 

ERRR 8186 

ERRC 8183 

EBRD 8182 

HLTF 

8104 

IHIT 

8890 

L00P1 888F 

LG0P2 8826 

KERR 80S? 

KTEST 

0000 

NEXT 

080R 

PIN 8888 

PORT 8838 

POUT 8876 

RDSCN 886D 

SPMEN 

6888 

NPSCN 8852 



D ©0805 8©M4 



£ : { L- : | 

-*•*» •} 

X 

©0 


2 

r.t .„.l 

8 i 

.IE 

4 ~;t 

j. r 

©E 

FF 

CD 

52 

@0 

16 

FF 

23 

SG 

: ■> rj 

*?r. 
i' I ..' 1 


0 •* 

47 

CD 

~'?f x 

08 

•» i.*.r 

X v.c 

i . 

0 F 

00 

2 fl 

65 

01 

CD 

6 D 

0 £■; 

i 2 ! © 

00 

CD 

88 

00 

1 6 

FP 

.©3 

CD 

80 

80 

94 

91 

BD 

C 4 

o 9 

88 

i:.;; « : ;j 

r * TV .; 7 r 

■i vr 

X 

2 

26 

08 

24 

2 E 

90 

22 : 

85 

81 

76 

FE 

00 

CR 

45 

0 © 

C’i ».’■ 

:> .» rn 

3D 

5F 

L- o 

@R 

88 

8 D 

IE 

17 

21 

00 

60 

22 

05 

01 

L 2 

0 R 

© © 

C 3 Q 

G© 

©9 

06 

© 8 

CD 

76 

00 

45 

CD 

76 

00 

44 

CD 

76 

00 

86 

©8 

j *;*:* © 

or 

CD 

::3, 

80 

06 

FF 

CD 

7 b 

00 

CD 

9 C 

00 

C 9 

06 

@5 

CD 

8 Q. 

'1 7 © 

“"*18 

88 

CD 

9 C 

00 

uy 

DB 

81 

•i r~ 

x r 

Dft 

76 

00 

78 

D 3 

80 

C 9 

©V! 

i 

r% r*« 
L-’ C* 

81 

1 r 

DR 

80 

09 

DB 

O 0 

C 9 

22 

88 

01 

•j» jX 

82 

81 

3 R 

08 

i 98 

(“r **? 

8 1 


T •“> 

03 

01 

3 fl 

04 

01 

R 7 

C 8 

76 

DB 

81 

IF 

DR 


Figure 18 
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Firmware Pack I 


8888 

8000 

0986 

6888 

8808 

8808 


mm 

8088 

8888 

8888 

8088 

8888 

8886 

8888 

8888 

8888 

8886 

me 

8888 

8888 

8008 

8888 

8888 

8808 

8888 

8888 


8888 


88% 

8888 

8888 

0888 

8888 


8888 

8888 

8808 

8888 


8888 


OFcKHi iUl-i. 


0810 * CCPVRI'GHT BIOTECH ELECTRICS 1379 
6828 * fill RIGHTS RESCUED 

8848* PRuGR^fltKS RIwK STELLTific-HEv 
8858 * SOURCE.FILE; FIRTH 
8868 * lERSI™i;3.8 
8873 * 

6883 * FIRM! - GFffHICSIlFmieiC DRIvER 
8898 * FOR THE CGS-888. 

8188 * 

8113 * CP-CODE 
8126 * —: 

8138 * 8 

8148 * 1 

8158 * 2 

31s8 * 3 

8178* 4 

8138 * 5 

81% * 6 

6288 * 

8213 * THE FORffiT IS AN OP-CGDE FCLLH0 BV THE 
8228 * NECESSfiRV PPPROERS THE* OUTPUT TO THE 
8238 * INITIATE- PORT. THE! TEST THE STATUS.PORT 
8248 * FOR THE STATUS CODE. 

8258 * ' 

8266 * STATUS,CODE 

’8278 * -- 

8288 * BIT 
8238 * 

83% * 

6318 * 

8320 * 

8338 * 

8348 * 

6358 * 

8388 * 

8378 * 


CLEAR SCREEN 


LW 

DRAM LI:£ GIUEN T* END POINTS 
flLTOJUffiSICS/SEriGWPHICS mjf: 
READ SCREEN 
vjRITE scree; 


NCT USED ' 

II-4JRLID OP-CODE 
RESET REQUIRED- 
NOT USED . 

NOT USED. 

NOT USED 

IMPUTING. PARAMETERS 
BUSV/DOTC EKCUTING CP-CODE 


* SVSTEK EQUATES 
8398 * 

8488 * 


8418 * I/O PORT E 
84% INPT EQU 

ffifiTES 

0@H 

* INPUT DfiTR PORT 

8438 OUTPT 

EQU 

m 

* CUPUT DRIB- PORT 

8448 STPT 

E8U 

81H 

f -STATUS PORT . 

8450 OEF'T 

EQU 

82H 

* OUTPUT .Q-JWSiON PGFT 

■34% IEPT 

EQU 

82H 

... Tiir.KT DfC'T 

t- -t/rn'Oi’Jfi « l -r ? 

8478 : M)PT 

EQU 

81H 

... rrf rr r.? :r >.vj\r- nr.r.-r 
+ UUii'v: rUf. ■: 


8488 * 
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0880 

8498 * KETC 

PY EQURTES 


3680 

0506 SRfErt 

EQU 

6860H 

* SCREEN REFRESH' MEMORY 

0036 

8518 PBLFF 

ecu 

4886H 

* PAPEETE* BUFFER AREA. 

0686 

8528 PRAH 

EQU 

4838H 

* START OF PARAMETER STORAGE 

0008 

8538 STOCK 

EQU 

48FFH 

* TOP OF STACK- 38 BYTES 

8886 

8548 DBASE 

EQU 

4180H 

* BEGIN OF DATA BASE- 768 BY 

8888 

8553.FUR2 

EQU 

280AH 

* BE5INIMG OF FU-F2 LOCK-UP Ti 

8880 

8568 EKPTI 

EQU 

2886H 

* INPUT EXPANSION PORT 

8888 

8578 EXPTO 

£Q(J 

2883H 

* OUTPUT EXPANSION PORT 

8688 

0588 WIDEN 

ECU 

2800H 

* HIDDEN DOT ROUTINE 

6608 

6598 * 




8888 

8688 * FFtRATHER BUFFER EQUATES 


8888 

8610 NQL 

EQU 

PBUFF 

* NO. OF LINES 

8880 

8628 Eft 

EQU 

PK-FF+i 

* BYTES PER LIi€ 

8888 

8638 CSMD 

EQU 

PBUFF+2 

* CM) SE8 NODE 

8888 

0648 THRED 

EQU 

PBUFF+3 

* 3D NODE 

8888 

8658 UPtlOO 

EQU 

PBLFF+4 

* UPDATE NODE 

8888 

8668 n> 

EQU 

PBUF+5 

* NODE 

8666 

8678 PCNT 

EQU 

PBUFF+6 

* PARANETER. COUNT 

8888 

8688 STB? 

EQU 

P6UFF+7 

* STATUS ' . 

8888 

8698 Z 

EQU 

PBUFF+8 

* COLOR/INTEHSITY. 

6866 

8788 X8 

ECU 

PBUFF+9 

* CURSOR X COORD 

8888 

8718 V8 

ECU 

PBUFF+18 

* CURSOR V COORD 

8888 

8728 X 

ECU 

PBUFF+11 

* CURRENT X COORD 

8888 

8738 V 

ECU 

PBUFF+12 

* CURRENT Y COORD 

8888 

8748 DX 

EQU 

FcLFF+13 

* DELTA X 

6888 

6758 DY 

EQU 

PELFF+14 

* DELTA V 

8808 

8768 SDK 

ECU 

PBUFF+15 

* SPECIAL DELiH X 

8880 

6778 SDY 

EQU 

PBUFF+16 

* SPECIAL DELTA V 

6888 

8788 UEFLG 

ECU 

PBUFF+1? 

* upite/erase flag 

6888 

6798 CNTR 

EQU 

PBUFF+18 

* LOOP CNTR=NC. CF DOTS 

8888 

8888 LONG 

EQU 

PBUFF+19 

* LONGEST DELTA 

WJ 

0810 HRFL 

EQU 

PBUFF+21 

* LONG-l' 

8888 

8828 LXIS 

EQiJ 

P8UFF+23 

* ADDR OF LONG AXIS 

8888 

8838 sxis 

EQU 

PKJFF+2S 

* ADDR OF SHORT AXIS 

8886 

8848 SHORT 

EQU 

PBUFF+2? 

* SHORTEST DELTA 

8888 

8858 LCUR 

EQU 

PBUFF+29 

* LAST CURSOR 

88® ' 

8868 FLfiGl 

EQU 

P8UFF+31 

* USER DEFINED FLAG 

esse 

8878 FLAG2 

EQU 

P8UFF+32 

* USER DEFINED FLAG 

8888 

8838 CHfiRA 

EQU 

PBLFF+33 

* CHARACTER ADDRESS 

8888 

8896 LIf€A 

EQU 

PSUFF+34 

* LIf£ ADDRESS 

8888 

8980 * 




8088 

8918 * START OF FIRHHARE PfiQC 1 


0888 

8920 * 




8338 

8938 BEGIN 

OPG 

0888H 


8888 

8948 * 




8888 

8958 * INITIALIZATION ROUTINE 


8888 

8968 * 




8888 

8978 * THE 

PROCESSOR EXECUTES THIS CODE ON ROUER-OH 

8880 

8980 .* OR' BOARD RESET. THIS CODE «IU- CLEAR THE SCREEN 

8888 

3998 * SET THE MODE TO HIGH DENSITY A!® INITIALIZE THE 
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8888 




1888 * 

PRRAfPTERS 

• 


8888 




1010 * 




8808 

7* 

FF 

40 

1828 

LX I 

SP,STACK 

$ TOP OF STftfc-30 BVTEu 

8883 

~i 

jLx 

Ti 
v> i 

40 

1839 

{ V’T 

H.< rrnfl+1 

* PflRfi* t T 'dr', blUrfl’jc. 


RF 



1848 

XPR 

ft 

$ ulerp aa 

yyy? 

T-j 

•j-jL 

63 

40 

1858 

STB 

THRED 

* 14*Jl 3D 

U00H 

.jjj 



I860 . 

riir, 
a nr 

H 

4 r!=8! 

8088 

7 m f 

8F 


1878 

Hi JT 

HVi 

m r.ry 

4 HIGH DEN5ITV MODE 

wwL‘ 

CD 

84 88 

1889 

CALL 

DPUR 

4 EXECUTE OP-CODE 81 

8818 

fiF 



1999 

;pb 

a 

4 U.EAR fiCU 

* 

1 i 

36 



1180 

I'V I 

K,88H 

4 CLEAR AMD INITIALIZE 

8813 

CD 

r. .■» 

o*t 

88 

1118 

CflLL 

d m 

4 EXECUTE OP-CODE 68 

88 lo 

t'3 

sr? 

88 

1128 

JMP 

1DLF* 

4 GOTO NRIN IDLE LOOP 

8819 




1138 + 




8819 




< < >*r* .i 
i i'i'J + 

RESET REQU 

I RED 


evil ij 
U ui 7 




1 i C*H * 
1 i T- 

THE PROCESSOR JUPS 

TO THIS LOCATION WEN 


lies * ft HPPD ERROR HRS OCCURS) AND ft BOflRD RESET 


8819 

1183 

•¥ 



8819 

1190 

RSTR3 EQU 

$ 


8819 86 84 

1288 

tiUI 

B.-.64H * 

RESET REQUIRED STATUS 

88IB CD 22 88 

1210 

CflLL 

OSTBT * 

OUTPUT STATUS 

881E C3 53 88 

1228 

JMP 

IDLP * 

RETURN TO IDLE LOOP 

8821 88 

1238 

HOP 

$ 


8822 

1248 

* 



0022 

1258 

fiJ :r;-v >t «"TQT» •«*“ 

•T- Uuiri.ii o i n > uo 


0022 

1260 

4 



0022 

< 

iiitt 

4. OUTPUT THE 

STATUS CODE IN THE B REGISTER 

<WV“| 

f o on 

4 



btU-X. 


$ 


jWV-i 

V*JjLL 

1299 

OSTRT EQU 


kpjjll ori 0* 

1388 

LDR 

STAT - 4 

GET OLD' STATUS 

TWiicr nr a 

tftLio D*J 

* t in 
lOib 

GPA 

B 4 

DON'T CHANGE OTHER BIT: 

,*i/W “T“i n*? .+ rr 

UttiO 4jL 0* *+*.< 

■f 

i -jj£X> 

STB 

STAT 4 

SRUE NEW STATUS 

0029 D 00 

1330 

OUT 

OUTPT * 

OUTPUT STATUS 

062B C9 

1348 

RET 

4 

RET® TO MAIN ROUTINE 


8820 

882C 

862C 

882C 

882C 

062C 

882C 

882C 

082F 

882F 

882F 


1358 * 

1369 * EXPfHSION PORT-OUTPUT RST 5.5 -2CH- 
1378 * 

1383 * WEN DATA HRS BEEN TAKEN FROM THE EXPANSION 
1398 * OUTPUT PORT -U19- THE PROCESSOR WILL UECTGR TO 
1488 * THIS LOCATION -2CH- 
1418 * 

1428 OEXPT JHP EXPTO * JUPS TO FUP2 

1438 * 

1448 *■ 

1458 * OP-CODE ERROR RQUTIiC 


u 


882F 

882F % 82 


88 


1470 CPERR EQU 


1588 * 


* 

B,82H 


* Ur-UJDE EHKUR 

n* 57W iT "TyTi i- 

* O •; H-» 
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8834 

8834 

8834 


8053 

8853 

8853 

8853 

8353 

0853 


1518 * EXPANSION PORT-INPUT RSI 6.5 -34H- 
1523 * 

1533 * MEN DATA HRS BEEN CLOCKED INTO THE INPUT 


8834 

1548 * EXPANSION PORT -09- THE PROCESSOR MILL LECTOR 

8834 

1550 * TO THIS LG 

CATION -34H- 


0034 

1569 * 



8834 C3 86 23 

1578 IEXPT JiF 

EXFTI 

* JiVPS TO Ffe«P2 

8837 88 

1588 HOP 



8838 

1598 * 



8838 

1688 * PROCESSOR JUNPES TO THIS 

ADDRESb UHEjN 

8838 

1618 * A HARO EFr- 

:0R OCCURS -RST 

7.8 -3^- 

8838 

1628 * 



8838 C3 19 88 

1633 RST7 JHP 

RSTRQ 

# HARD ERKUR REbhi 

8838 88 

1648 NOP 



883C 

1658 * 



8830 

1668 * INITIATE OP-CODE 


8833 

1678 * THE RFOCEE 

SGF: MILL -JUMP ' 

THE ADDRESS -3CH- UHEK 

y03v 

1689 * THE HOST SYSTEM OUTPUTS ftNV DATA TO THE PORT 

883C 

1698 * BDD-ESS+1. 

ALL PARAMETERS MUST HRUE BEEN 

883C 

1788 * PRECIOUSLY 

1 STORED IN THE PARAMETER STORAGE -PRAM- . 

8833 

1718 * RST 7.5 - 

-3uH- 


8833 

1728 * 



883C 

1733 INIT ECU 

1 


8833 F8 

1748 El 


* DIBBLE INTERRUPTS 

iwrr-. “Sj 

oojy fo 

1758 -NOU 

a,b 

* PARAfl CNT 

8*J3£ 32 86 48 

176*3 STB ■ 

FONT 

* SALE PARAMETER COUKT 

8841 3E 88 

1778 MM 

A..88H 

* BUSY EXECUTING GP-CGDE 

8843 32 87 48 

1788 STA 

STflT 

* SflWE NEW STATUS AH). CLEAR 

3046 D3 88 

1798 an 

QUTPT 

* OUTPUT STATUS 

884:? 21 30 40 

1838 LKI 

h»pram 

* INIT RAff POINTER 

8848 7E 

1818 ffGU 

A., ft 

* GET OP-CODE 

884C 23 

1823 INK 

H 

* FIRST PARAMETER 

8840 CD 84 88 

1830 CALL 

DRUR 

* EXEC OF'-CODE 

8858 CD 22 88 

1848 CALL 

OSTRT 

* OUTPUT STATUS 

8853 

185*3 * 



0353 

1863 * MAIN IDLE LOOP 


8853 

1878 * THIS ROUTINE SCANS THE S 

-188 BUS FOR f€U 

8853 ' 

1883 * OP-CODES AND PARAMETERS.. 

AND ENTERS IT IN 


1898 * THE PARAMETER ST0F:RG£ AREA. 

1908 * THE PROCESSOR MILL REMAIN IN THE ILDE LOOP 
1318 * UNTIL THE HOST PROCESSOR OUTPUTS tW DRW 
1928 * TO THE'PORT ADDRESS+1. THIS MILL INTERRUPT 
1939 * THE PROCESSOR AND UECTOR TO LCCRTION -3C1H- 
1948 * 


8853 

1953 IOLP 

ECU 

i 


8853 31 FF 48 

I960 

L>:i 

SPjSTACK 

* ^INITIALIZE SP 

0856 FS 

1978 

El 


+ ENABlE INTERr-cirTb 

8357 3£ IE 

1983 

TWI 

A..18H 

% \m: RST 6,5* RST 5.5 

0059 08 

1990 

NUr 


$ bln INbTrULl IUh buc.b Htr’c. 

005A 21 3*3 48 

2083 

LNI 

H..pPA.M 

iNIlHL rHrr-A blURruh Kr'uH 

885D 86 48 

2818 

Ril 

B.48H 

•T- I hr w- » jl »f j r nr n*. c * tr :> 
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833F CD 22 88 

2823 

CftLL QSTRT 

* OUTPUT STATUS 

mi 

CD 78 88 

2338 

CftLL QPPftft 

* GET OP-CODE PARAMETER 

uy65 

AT 

2348 

IKK H 

* NEXT PfiRftM PGS 

8366 86 88 

2858 

Wl B.88H 

4 SET RPftrENT =8 

8868 

CD 78 88 

2868 SLF2 CftLL GPPfSI 

* GET PHWETEP. 

886E 


2878 

TlfJ il 

liVr H 

* B ; iP POINTER 

836C 

84 

2338 

IHP B 

: i ; BUHr PhRH* i u-Nf. 

886D 

C3 68 80 

2898 

JHP SLP2 

... rr. rrr k 'a a 1 ” 

* uu tf£ r - F '*- ; r.L A 

aata 

■; 


2109 

■4 


0878 


2118 

4 


8670 


2128 

4 U'Fftn- (STS USER PARA? 

i-rrn rr.AM rum *r n*rr 

ruru • n.- r. : 

8878 


2138 

* ENTER- HL=ftD0P TO STORE ARRAN 

8878 


2148 

... r\n^r ur«T rv-r. .ai i ikitt, 

•t- Uulo pcUm un* it. 

PftPrif'EThP Rrta BhcN 

8878 


2158 

* ENTERED INTO THE INPUT PORT. 

8815 


2168 

4 


0878 


2178 

GPPftU Ell'J $ 


8878 DB 81 

2133 

IN STPT 

... i“V“T Tijn; ir rrAT. ;~ 

* ! ±! LVui *. ri ’• '-j a 

8872 

at 

2193 

PIC 

* 8=0ftTft fiUftlL 

r*rrr? 

ytV:' 

OH 78 00 

2288 

JC uPPAU 

.. ?1A7T TT. r,*Tu /V. iATs 

•t- v.hi i 1 x l U~ ♦ n H'-rau 

b 

DB 88 

Z 2 l 8 

IN IrTpT 

4 GET DRTh FR'-JH iNrV-T PuR 

8878 

i' 

AAAA 4 

jLLIM 

NON tCR 

.. rr,, ir* rv'T.j r.: r. 

* Jarv-'C LTurt in currcr 

8879 

C9 

AA7.-4 

RET 

* 

887R 


2248 

$ 


857ft 


2258 



887ft 


-r-.r a 

* PPRftfi- SEiC'S DftTft FRO: 

.1 k?AA*."j' 1 

• TOi'J.: 

887ft 


22* 8 

* TO OUTPUT PORT 8@H. 


007ft 


AW5 

* ENTER- H..L REG = fiDDR 

OF STORED DhTh 

887ft 


2290 

# 


887ft 


2300 

PPBW ECU $ 


QyTH 

DB 81 

2j 1 6 

IN STPT 

* GET Sims 

887C 

8F 

n?*.* 

RftL 

4 CHECK DftTft BURIl 

887D 

DR 7ft 83 

ATT A 
j* 2 ‘ 

JC F'rPR" 

.... JIATT T T j AATA A' | 7 

T- V'fil 1 liL L-r.iH n-'ir,u 

88*^8 

7E 

2340 

tw fiT! 

4 bET BVTt TU U*Jr~'ijT 


D3 88 

2350 

OUT OiJTF'T 

.v irr. jt Mr,* 

* UbiT-vi A 

A'" AT 

L‘*JO j 

C9 

2360 

RET 


8834 


att.-^ 
LJ? t* 

4 


»Wi.< 


ataa 

4 


uwt 




3884 


2390 

4 LOQK-IP TABLE FOR OP-CODES 

8834 


2400 

4 ENT zP. 


*&jy4 


2413 

4 ft REu= OP-QJDE 


8034 


2423 

* H,L REG= FIRST LCCRTI 

ON OF PftFftf'cTERS 

@834 


2430 

4 


8334 


2440 

4 Sft*€S BLL REuihTE^b L 

r'ECF'T THE ft REG ft?® 

8884 


2456 

* THE 8 AND C PEG'S, 


883:4 


2466 

4 


8884 


2478 

* BTT 


0834 


2488 

* D,E PEG = FIRST LGCftT 

ION OF PftPAnETERS 

8334 


2498 

4 ft REG = WAPJETER COUNT 

uyo4 


2580 

* PC = FIRST m> RDDPE 
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0884 
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iwtib 
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Firmware Pack I (Con't.) 


8084 

2538 * THE 

FIRST m> ADDRESS 

OF THBT OP-CODE SUBROUTINE 

8834 

2548 * 




8884 

. 2558 DRUR 

m 

$ 


8884 FE IE 

2568 

CPI 

38 

* 0P-O3DE 

8388 D2 2F 88 

•ye**y 

JL-Ji tJ 

M: 

nrymn 
»y* | -?r rr 

* OP-CODE error 

8883 05 

233U 

push 

r*. 


Cyyfi E5 

2590 . 

PUSH 

H 

-T ; 

888B EB 

2688 

f’flJ’iu 


* DE- PHPHfETEP POINTER 

888C 21 fi4 88 

2618 

LXI 

KiJPTEL 

ri it-.!-” T.yrv r 
-i' v iUi. r ! HOLC 

888F FE 87 

2628 

CPI 

( 

i i T ~**4 r«r i*V; r-nr-.r- , * 

* iv.i 4 \jt br “Ld'C t i 

8831 m 97 88 

2638 

JC 

URTU 

... T {“* T T T *. r rr.Jvt'*r*j 
•t- i«» it iii 

8394 21 FC IF 

26453 

LXI 

HjFuPi-14 

rriT.::;!- ,t~ nr-.- Try-, r 

* ur niA-- irbLC 

8397 87 

2658 CRT8 

Fit: 


•T’ 

8898 86 08 

2660 

fjiil 

B>88H 

3fC 

8398 4F 

iO! U 

tw 

C,fi 

* U^3?-UUDE 

8098 89 

2688 

D3D 

B 

•i 

839C 7£ 

26-98 

WW 

fi,r: 

Kf.y: IT Tr T.j- T .'Vv.r ; T.*, 

•* rwc s ^c-t-c rL-tr 

8330 23 

'vwv* 
jLi w 

m 

H- 


889E 68 

2718 

HOU 

H,r: 


889F 6F 

2720 

mu 

Lfi 


8393 39 86 48 

2730 

L09 

PCiiT 

* fiCC^PRPPflE fcK UJJnT 

63h3 E9 

2748 CRT! 

pen 


*• S3 TU ROUTife Ur U?-U£ 

88R4 EC 33 

2750 JF'TBL 

DW 

CLF'SP: 

* CLEflP SCREEN 

88R6 B7 88 

2768 

[i! 

Sr!0DE 

* SET fICDE 

0008 7B 81 

27753 

w 

PITPT 

* Plot point 

88hh 76 82 

2788 

m 

DRULN 

* DRfiU LINE 

80RC 6C 83 

Jml Tt* 

m 

flLSEK 

* RLPHfNUi IEPIC S --"SEf'I GRP-'r 

00f€ 51 83 

2380 

DU 

RDSCH 

* READ SCREEN 

83B3 43 83 

2318 

DU 

HR5CN 

* WPJTE SCREEN 

0882 El 

2323 CRTX 

POP 

H 



*”i 

POP 

r-, 


Vi 

Loyj 

0 


8384 86 83 

2848 

rwi 

B.80K 

* DOME EXECUTING OP-CODE 

8886 C9 

2350 

RET 


* RETURN 

88B7 
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TABLE 3 - DETAILED DESCRIPTION OF VDG MODES 


X7g 


S'/s 


TnT/ext 


Character Color 


T~ 


Display Mode 


VDG DATA BUS 


Green 

Black_ 

Orange 

Black 


| Black 
| Green 

| Black 
I Orange 


Black 

Black 


J Black 
* Green 

~~! Black 
I Orange 


32 Characters 
across 

16 Characters 
down 


8 dots“H 

T~ 

12 dots 


31 



0 

: 


_ 


0 



extra ASCII code 

" 

“ 

3 


3 

0 

3 

: 


The ALPHANUMERIC INTERNAL mode uses an internal character generator 
which contains the following five dot by seven dot characters: @ABCDEFGHIJ 
KLMNOPQRSTUVWX YZ M 1 - SP !" *$%&'()*+.-. 10 1 2 3456 7 89 . ;<: 
- -> ? The six bit ASCII code iea_ves t wo bits free and these may be externally 
connected to the mode pins (A/G, A/S, INT/EXT, GM2, GM1, GMO, CSS or INV). 


Green 

Black 

Orange 

Black 


Black 

Black 


32 Characters 
across 

16 Characters 
down 


one row of 
custom characters 


The ALPHANUMERIC EXTERNAL mode uses an external character generator as 
well as a iow counter. Thus, custom character fonts are graphic symbol sets with 
up to 256 different eight dot > 1 2 dot "characters" may be displayed 


C2 

X 

0 

0 


Color 

Black 

Green 

Yellow 

Blue 

Red 

Buff 

Cyan 

Magenta 

Orange 


64 Display elements 
across 

32 Display elements 
down 


*-3 

l 2 

Li 

L0 


n 

c 2 

Cl 

c 0 

0 

0 

0 

koj 


The SEMIGRAPHICS FOUR mode uses an internal "course graphics" generator in which 
a rectangle I eight dots by twelve dots) is divided into four equal parts. The luminance of 
each pan is determined by a corresponding bit on the VDG data bus. The color of illu¬ 
minated parts is determined by three bits 


O 

i 


Lx 

0 


Color 

Black 

Green 

Yellow 

Blue 

Red 

Black 

Buff 

Cyan 

Magenta 

Orange 


64 Display elements 
across 

48 Display elements 
down 


e 5 

L 4 

L3 

L2 

Li 

L0 


0 

c 0 

0 

L 4 

L3 

0 

Li 

M 


The SEMIGRAPHIC SIX mode is similar to the SEMIGRAPHIC FOUR mode 
with the following differences The eight dot by twelve dot rectangle is divided 
into six equal parts. Color is determined by the two remaining bits. 


Cl 

0 

0 

CO 

0 

1 

Cplor 

Green 

Yellow 

Green 

64 Display elements 

1 

0 

Blue 


across 

1 

1 

Red 

? 


0 

• 0 

Buff 

Buff 

64 Display elements 

0 

1 

Cyan 


down 

1 

1 

0 

1 

Magenta 

Orange 



e 3 

e 2 

ii 

E 0 


0 

Co 

□ 

Co 

N 

c °l 

N 

0 



0 

H 

E 

E 

0 

E 

E 

[LoJ 


The GRAPHICS ONE C mode uses a maximum pf 1024 bytes of display RAM in 
which one pair of bits specifies one picture element. 


Color 

Black 

_Green_ 

"’Black - ' 

Buff 


Green 

Buff 


128 Display element!, 
across 

64 Display elements 
_down_ 


0 

0 

0 

n 

0 

0 

0 

11 


The GRAPHICS ONE R mode uses a maximum of 1024 bytes of display RAM in 
which one bit specifies one picture element. 


Same color as 
Graphics one C 


Green 


1 28 Display elements 
across 

64 Display elements 
down 


e 3 E 2 E 1 E 0 


00 

Co 


Co 

01 

Co 

fl 

Co 


The GRAPHICS TWO C mode uses a maximum of 2048 bytes of display RAM in 
which one pair of bits specifies one picture element. 


Same color as 
Graphics one R 


128 Display elements 
across 

96 Display elements 
down 


0 

L6 

0 

L4 

0 

0 

0 

03 


0 

L 6 

0 

L 4 

11 

n 

0 

03 


The GRAPHICS TWO R mode uses a maximum of 1536 bytes of display RAM ii 
which one bit specifies one picture element 


Same cplor as 
Graphics one C 


128 Display elements 
across 

96 Display elements 
down 


e 3 E 2 I E 1 E 0 


N 

|cj 

0 

Co 

N 

Co 

N 

N 


The GRAPHICS THREE C mode uses a maximum of 3072 bytes of display RAM 
in which one pair of bytes specifies one picture element. 


Same color as 
Graphics one R 


128 Display elements 
across 

192 Display elements 
down 


E 

0 

0 

[uj 

0 


E 

y 


□ 

l 6 

0 

L 4 

N 

E 

Li 

0 


The GRAPHICS THREE R mode uses a maximum of 3072 bytes of display RAM 
in which one bit specifies one picture element 


Same color as 
Graphics one C 


128 Display elements 
across 

192 Display elements 
down 


e 3 

E 2 

0 

E 0 


0 

Co 

C, 

Co 

C, 

Co 

Cl 

Co 



i! 

l 6 

- 

11 

* 

11 

- 

11 


The GRAPHICS SIX C mode uses a maximum of 6144 bytes of display RAM in 
whidn one par of bits specifies one picture element. 


Same color as 
Graphics one R 


256 Display elements 
across 

192 Display elements 
down 


0 

03 

L 5 

0 

L3 

1! 

E 

03 


The GRAPHICS SIX R mode uses a maximum of 6144 bytes of display RAM in 
which one bit sper dies one picture element. 
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